Summary. Urine was collected from 6 female cotton-top tamarins (Saguinus o. oedipus) and urinary oestrone and oestradiol concentrations were measured by radioimmunoassay. Oestrone was excreted at 50-fold higher concentrations than oestradiol. Five females showed patterns of regular oestrone cyclicity, with a mean peak-to-peak oestrone cycle of 23\m=.\6\m=+-\1\m=.\2days. Levels of oestradiol tended to vary with levels of oestrone excretion, but peaks were less pronounced and more variable. The sixth female, diagnosed as having 'wasting marmoset syndrome', had very low levels of excreted oestrogens, suggesting infertility. We suggest that urinary oestrone provides a good index to ovarian cyclicity in female cotton-top tamarins.
Introduction
Interest in the reproductive endocrinology of tamarins and marmosets (Primates: Family Callitrichidae) has increased in recent years, stimulated for a number of reasons. There is a growing recognition that the maintenance of populations of several callitrichid species (e.g. Saguinus o. oedipus, Leontopithecus rosalia) may be possible only through captive breeding programmes (Thorington, 1978) , yet little is known about the basic reproductive biology of these species.
A persistent problem in callitrichid reproduction research is the lack of clear, reliable markers of ovarian cyclicity in females. Changes in vaginal cytology and peroxidase activity in common marmosets (Callithrixjacchus) are not correlated with a female's sexual state (Hearn & Lunn, 1975) . No menstrual bleeding has been reported nor are there obvious cyclic changes in the perigenital skin (Hampton, Hampton & Landwehr, 1966; Brand, 1981) . Finally, there is no well-defined behavioural oestrus in marmosets and tamarins; sexual activity is distributed across many repro¬ ductive conditions, including pregnancy and lactation (Hearn & Lunn, 1975; Rothe, 1975) . In this study, we monitored ovarian cyclicity in the female cotton-top tamarin by measuring excreted urinary oestrogens.
Materials and Methods

Animals
Six captive-born adult female cotton-top tamarins (Saguinus oedipus oedipus) were used. All were housed in large home cages (minimum dimensions 2-0 10 20 m) with an adult male cotton-top tamarin. The mean age of females during the period of sampling was 3-8 years (range 1 -8 to 80 years). Full-spectrum artificial lighting (Chroma-75, General electric, Inc.) was provided from 07:00 to 19:00 h. Additional details of housing and maintenance are provided by French & Snowdon (1981 [2,4,6,7(N) -3H]oestradiol (2-4 pg, 7500 c.p.m. ; sp. act. 113-0 Ci/mmol : New England Nuclear) and 01 ml oestradiol antiserum. The antiserum (Holly Hill Biologicals, Inc., Hillsboro, Oregon) was diluted so that approximately 50% of the tritiated oestradiol was bound in the absence of unlabelled steroid. Cross-reactivity with the oestradiol antiserum was 5-8% for oestrone, 0-3% for oestriol, 0-82% for testosterone, and 007% for progesterone. For both steroids, a triplicate standard curve (dose range 5-150 pg) was included for each set of samples (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) (60) samples in duplicate).
After incubation of the sample, antiserum, and tracer at 4°C for 15-18 h, separation of free from bound steroid was accomplished by the addition of 1-0 ml dextran-coated charcoal (0-25% w/v Norit A activated charcoal and 0025% w/v Dextran T-70 in phosphate-buffered saline, pH 7-0). After mixing, incubation for 15 min, and centrifugation for 12 min at 1200 g, the supernatant containing the bound steroid was poured into vials and 10 ml scintillation cocktail (66% v/v toluene; 34% v/v Triton X, Research Products, Inc., Elk Grove Village, Illinois; and 0-3% w/v Omni-fluor, New England Nuclear) were added. Each tube was counted in a scintillation counter for 10 min or up to 10 000 counts.
Buffer blank values for oestrone and oestradiol were 2-24 ±1-64 (s.d.) pg and 1-08 ± 1 -42 (s.d.) pg, respectively (n = 14). Assay sensitivity for oestrone and oestradiol was then set at 5-5 pg and 3-92 pg, respectively. Intra-assay variation, expressed as a coefficient of variation, was calculated on the basis of duplicate sample agreement according to the method of van der Molen (1970) and was 9-4% for oestrone and 6-7% for oestradiol. A urine pool from adult female tamarins was assayed in triplicate with each set of unknowns. Interassay variability based on these samples was 101% for oestrone and 14-7% for oestradiol (n = 8).
Creatinine assay
To control for variable fluid intake and output, hormone concentrations were corrected for the creatinine concentration of each sample (Klopper, 1976) . Creatinine concentration was measured in duplicate by a modified Jaffe reaction end-point assay (Tietz, 1976) . Urine (01 ml) was placed in optical cuvettes and then diluted to 40 ml with distilled water. Picric acid (004 M, 1 ml) and 1 -0 ml NaOH (0-75 m) were added, the contents mixed, and the absorbance at 500 nm read 15 min later on a colorimeter. Intra-assay variability was measured by repeated assays of a single pool at two concentrations and was 4-6% (n = 16). Inter-assay variability was monitored by the repeated assay of a tamarin urine pool in successive assays and was 5-1% (n = 10). (Steel & Torrie, 1960) revealed that none of the slopes for serial dilutions of urine were significantly different from the slope of the standard curve. Spearman correlation coefficients for volume of urine added and percentage of labelled steroid bound to the antiserum were -0-97 to -100, showing that assay estimation was not affected by varying the volume of urine assayed. Urine from a 2-month-old infant female tamarin was assayed at volumes 40 times greater than that used for adult females (oestrone, 8 0 µ ; oestradiol, 200 µ ). Oestrone was undetectable in infant female urine using this volume (< 5-5 pg in 8 pi), and oestradiol levels were just above the limit of detectability (6-27 pg in 200 µ ).
Oestrone was excreted at much higher concentrations than oestradiol in the urine of female tamarins. Of the total immunoreactive oestrogen measured, 97-8% was oestrone and 2-2% was oestradiol. The oestrone/oestradiol ratio was consistent for individual females (46-7 ± 7-8; mean ± s.e.m.). preceding the sharp peak in oestrone at Day 0 (10-01 ± 1-51 µg/mg Cr). Following this peak, levels of excreted oestrone returned rapidly to basal levels, showed a brief rise, and then a gradual decline to basal levels 8-12 days after the peak.
The mean peak-to-peak interval was 23-6 ± 1 -2 days, and the median and modal cycle length was 23 days (range 18-31 days ; see Table 1 fig. 3(a-c) . The sixth female (Ru) initially showed evidence of ovarian cyclicity (Text- fig. 3d ) followed by a rapid and sustained reduction in oestrogen excretion 18-20 days after the onset of sampling for this study. On Day 35, the female was eliminated from the sampling schedule and treated for a cluster of symptoms known as 'wasting marmoset syndrome' (King, 1976 (4) suggests that reduced oestrogen excretion may be associated with 'wasting marmoset syndrome'. Preslock, Hampton & Hampton (1973) studied endocrine cycles in female cotton-top tamarins by measuring plasma oestrogens and progestagens : there was a 15-5 ± 1-5 day interval between successive progestagen peaks, substantially shorter than the oestrone cycles reported in this paper. More recently, Brand (1981) has documented urinary oestrogen cycles of 22-7 ±1-7 days in female cotton-top tamarins, which is in good agreement with the 23-6 ±1-2 day oestrone cycles reported here. In Brand's study (1981) , an antiserum raised against an oestradiol-17ß-antigen complex was used. Given the high degree of cross-reactivity of that antibody with oestrone (>25%) and the much higher concentrations of oestrone versus oestradiol in the urine of female tamarins reported here, it is probable that the cycles reported by Brand (1981) 22-7 ± 1-7 Brand (1981) 13-2 ± 1-6
Hampton & Hampton (1978) 15-5 ± 1-5 Leucocyte alkaline 14-6 ± 1 -6 phosphatase monkeys, Macaca mulatta: Knobil, 1974 ; lowland gorillas, Gorilla gorilla gorilla: Nadler, Graham, Collins & Gould, 1979 (Table 2) . Similarly, there are varying estimates of the ovarian cycle length in common marmosets, with a longer cycle length documented when urinary oestrogens are the primary measure. However, Hearn (1982) has reported a 26-28-day plasma progesterone cycle in common marmosets. Brand (1981) has suggested that the stress associated with capture and blood sampling may disrupt, possibly shorten, the cycle in female cotton-top tamarins. However, in the present study females were captured three times weekly for urine sampling and the estimates of the urinary oestrogen cycle reported here are in agreement with those of Brand (1981) . Blood and urine samples collected on the same day provided virtually identical information regarding ovarian cyclicity in the owl monkey (Bonney et al., 1979) . This latter finding points to the need for (i) concurrent blood and urine sampling to verify the cycle length in tamarins and (ii) an estimate of progesterone concentra¬ tions to distinguish ovulatory from anovulatory cycles. The latter studies are currently in progress.
Oestrone was excreted in much higher concentrations than oestradiol in the urine of female tamarins. This is in apparent contrast to the common marmoset, in which oestradiol is the major urinary oestrogen in both pregnant and non-pregnant females (Shackleton, 1974 (Shackleton, , 1975 Lunn, 1978) . Oestrone is also the major urinary oestrogen excreted in the cyclic adult female owl monkey (Bonney & Setchell, 1980) , vervet monkey (Cercopithecus aethiops: Setchell, Bull & Adlercreutz, 1980) , hanuman langur (Presbytis entellus entellus: Shandilya, Ramaswami & Shandilya, 1976) , orang-utan (Pongopygmaeus: Collins, Graham & Preedy, 1975) , and chimpanzee (Pan troglodytes: Graham, Collins, Robinson & Preedy, 1972) . Whether the higher concentrations of urinary oestrone in tamarins reflects higher circulating levels of oestrone or whether the majority of the circulating oestradiol is metabolized to oestrone in the liver or kidney before excretion (Diczfalusy & Levitz, 1970) is unclear. A preliminary report of 100-fold higher oestrone over oestradiol concentration in the plasma of adult female saddleback tamarins (Katz & Epple, 1980) indicates that the former explanation may be more likely.
Female Ru initially showed normal concentrations of urinary oestrogen excretion, but steroid excretion dropped precipitously around Day 18 and remained low throughout Days 35 and 54-67 of the urine collection series (Text- fig. 3d ). This animal was diagnosed as having 'wasting marmoset syndrome' (WMS), a cluster of symptoms that includes general debilitation, weight and hair loss, listlessness, and chronic diarrhoea (King, 1976 
